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I. AHAJII3 MPOBJEMMH I HIOCTAHOBKA ME-
T JOCIIJKEHHA

B ycraHoBKax aBTOHOMHOTO €HeprozadesreueH-
HS IIUPOKOTO TOIIMPEHHsS HaOynu Tra3oBi JBUTYHH
(1), siki MOCTABISIFOTHCS Y BUIIISII KOT€HepauinHux
MOIYJiB — 31 IITATHUMU TEIJIOOOMIHHUKAMHU ISt
OTpPUMaHHS Tapsuoi Boau 3 Temmeparyporo 90...95 °C
(g Tuckom — monax 100 °C, pignie — BoAsSHOT apw)
MUITXOM BiJIBEJIEHHS TEIJIOTH BiJ BY3JIiB OXOJOKEH-
H [l (oxonomKyBaibHOI BOAM PYOAIlIKH JIBUTYHa,
MacTWia, HaJIyBHOI Ta30MOBITPSHOI CyMimni Iicis
TypOOKOMITpecopa), a TaKoX B YTHII3aliiHOMY KOTJI
(VK) Bin BimmpamnpsoBanux rasiB [1-3]. B ycraHoBkax
ABTOHOMHOTO €HEepro3albe3neueHHs] 3 OTPUMaHHAM
€JIEKTPOEHEPTii, TEIUIOTH Ta XOJOAY (TpHUreHeparii-
HUX) TEIUIOTa Taps40i BoAU (Mapu) TpaHCHOPMYETHCS
B XOJIOJ, SIK TIPaBUiIo, abcopOIiHHUMU OPOMHUCTOITITI-
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€BUMU XooawibHUMU MarmmHamMu (ABXM). Temrre-
paTypa 3BOPOTHOTO TEIUIOHOCIS, SIKMA TOBEPTAETHCS
JI0 BY3JIiB OXOJIO/KCHHS JABUTYHA, MAa€ OyTH HE BUILE
70 °C. B Toit xxe wac B ABXM TemnoHocii (Tapsiaa
BOJIa) OXOJOMKYEThCS He Oinmbine Hix Ha 10...15 °C.
To & ocraTo4HE 3HIKCHHS TEMIIEPATypH 3BOPOTHOIO
temwioHocis micat ABXM 30iMCHIOIOTE BifBEIEHHAM
BiJl HBOTO TEIUIOTH B aTMocepy TpaaupHEI0 aBapiii-
HOTO CKHJIAHHS, IO CIPHYUHSE 3HAYHI BTPATH TEIUIO-
TH, a BIITaK 1 HEAOOTPUMAHHS XOJIOY.

Mera nociimzKeHHsI — IiIBUIICHAS ¢()EeKTHBHO-
cTi Tpanchopmanii ckumnoi tertotu [/ B xomon B
YCTaHOBKAaX aBTOHOMHOT'O €HEepro3ade3rneveHHs.

II. PE3YJIBTATHU JOCILIKEHHSA

3amada miABHINEHHSA e€(QEKTHBHOCTI TpaHchop-
marnii Terotu '/l BupinmyBanach Ha TpUKIaAil ycra-
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Po3zgin 2. EHepreTuka Ta eHepro3tepexxeHHst

HOBKH aBTOHOMHOTO eHeprozabesneuennss TOB "Ca-
Hyopa"-"Pepsico Ukraine" (MukonaiBcbka 00d1.).
[IpoekTyBaHHSI Ta MOHTaX YCTAaHOBKM BHKOHAaHI
IMTHBIT "CIHAIIC"-"GE Energy" (M. Kui) i TOB
"Xnamorexnika" (M. MuxomnaiB). Tpurenepamiiina
yCTaHOBKa BKJIIOWae nBa KoreHepamiitamx ['Zl JMS
420 GS- N.LC GE Jenbacher (emexTpudHa IMOTYX-
Hicte omaoro '/l 1400 kBt, TemnmoBa mOTYXHICTh
1500 kBT), B fKMX TeIIOTa BUIIYCKHUX ra3iB, HaJIy-
BHOI razonoBitpstHoi cyminn (I'TIC), oxomnomxyrouoi
COPOYKY JIBUTYHA BOJH i MacTHia BUKOPUCTOBYETHCS
Juist HarpiBy Boau. Terutora rapsaoi Boxu TpaHcdop-
myetbes B ABXM AR-D500L2 Century B X001 (X0-
noamnbHa notyxHicts 2000 kBT), sikuit BukopucTo-
BYETHCS Ha TEXHOJIOTIYHI OTPeOH i s eHTPaIbHUX
KOHIIUITIOHEPIB OXOJIOKEHHS MPUTOYHOTO MOBITPS
MaIuHHOTO BimaiieHHs (MB), 3Biaku BOHO HaIxo-
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BigmoBimHo mo 6a3oBoro BapiaHTy (cxema Ha
pucyHky 1) mpu Temmeparypi 3BOpPOTHOI (OXOJOIKeE-
HOoi) Bomum Ha Buxomi 3 ABXM, Hanpukian
tosp = 75...80 °C, T0OTO BHmIE ii crneuudikauiiinoro
3Ha4eHHA to5pcn = 70 °C Ha BXOAI y TEMIOOOMiHHHMKH
BiIBEJICHHS TEIUIOTH BiJ BY3miB oxomomxeHHs [/
Jnst 3a0e3nedeHHs 3a0BUTLHOTO TemioBoro crany ['/]
YyacTUHA 3BOPOTHOI BOAM OXOJIOJKYETHCA B OXOJIO-
IoKyBaui 3BopotHoro teruionocis (OTH) 3 BigBeneH-
HSM HAJUIMIIKOBOI TEIUIOTH B aTMmocdepy rpaaup-
Heto 2. [loBepHeHHS HaUMIIKOBOI TeruioTd B ABXM
HEMOXJIUBO  uepe3 11  HHU3bKY  TeMIlepaTypy,
tosp = 75...80 °C, nopiBHAHO 3i cnenudikaniino0
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ABXM: t;; = 90...95 °C.
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Pucynok 2 — Temnepamypu capaqoi 6oou ty, na 6x00i ABXM, 36opommnoi 600u nicis ABXM tyy ma oxonoooce-

HOi 360pomnoi 600u Ha 6x00i 8 I/] tys npomscom t©
0% - 9% _ 4BXM siokniouena)

[InssxoM aBTOMAaTH30BAaHOTO MOHITOPHHTY Ta-
paMeTpiB YCTAaHOBKM aBTOHOMHOTO eHeprozabesrie-
yeHHst (ureHb 2011) oTpuMaHO 3HAYEHHS TeMIepa-
TypH rapsa4oi Boau t,; , 10 HaAXOIUTb 3 KOTEHepa-
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= 9% _24% (28.07.2011) 3a danumu monimopunzy (t =

nittHoro moxynst 'l B8 ABXM cuctemn yrumizaiii,
3BopotHOi Boam micnst ABXM t,, (mepen ii oxoio-
JokeHHsiM B OTH ckuzaHHsSM HaJUIMIIKY TEIJIOTH rpa-
JMPHEI0 B atMocdepy) i 0XOJI0MKEHOT 3BOPOTHOI BO-
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qu micnst OHT wa Bxoni B I'/], tys (pucyHOK 2).

SIK BUIHO, 3HIDKEHHS TEMIIEpaTypd 3BOPOTHOI
Boau B OTH t,4 — tys = 6 °C moBoui icTOTHE MOPiBHSA-
HO 3 PI3HUIICIO TEMIIEPATyp TapsAdo0i Ta OXOJIOIKEHOI B
ABXM Bomu t,q — tya = 14 °C i cranoButs 25...30 %
BCi€l KIJIbKOCTI TEIUIOTH, 110 BimBoauthes Big 1. Lle
CBIIYUTH NP0 3HAYHI BTPATH TEIUIOTH Q, TOPIBHIHO 3
Bukopuctanoo B ABXM Q. » (pucyHok 3).

3 METOI0 CKOPOUCHHS BTpAT TEIUIA 1, BiAMOBITHO,
OTpPUMaHHS JJOJaTKOBOTO XOJIOJY 3alpoIIOHOBAHO
CXEeMy CHCTEMH yTHIIi3allii, 3T1THO 3 KO TEIUIOHOCIH
micnst ABXM po3ninserbess Ha J1Ba TOTOKH, OJWH 3
SKUX, SIK 1 B 0a30BOMY BapiaHTi, HAaIPaBISIOTh Yepe3
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nBuTyHa (PUCYHOK 4).
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Ky TEIUIOHOCIsI, SIKUH1 ITOJJAI0Th JI0 BY3JIiB OXOJIOKEH-
us aurysa ['J]. JlomaTkoBuii jke MOTIK TemioHocis (3
50 % BuTpaTOIO Bij 6a30BOI) HAAXOAUTH Oe3mocepes-
Hb0 70 YK mos3 OTH.
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Pucynok 3 — 3nauenns zaeanvhoi kinekocmi meniomu Q.. eapsuo2o mennioHocis, 8iosedenoi 6io 0eox I /], men-
nomu, mparcgopmosarnoi 6 ABXM 6 x0100, Q:. » , | empam meniomu 360pomuoi eapsuoi 600u Q..
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Pucynok 4 — Cxema cucmemu mpancgopmayii ckuoHoi meniomu 080N0MoOUHO20

(no 360pomHoMy menioHocio) koeenepayitnozo I'TI{ 3 ABXM

Ha pucynky 5 HaBeieHI 3HAa4YCHHS TeMIepaTyp Ha
BxoJi Ta Buxomai 3 ABXM, YK ta I'J] B 3a5exHOCTI BiJ
3arajibHOI BUTpaTH TermmoHocis G (000X MOTOKIB) Bij-
MOBIJTHO JIO 3MiHM BHTPATH JTOJATKOBOTO MOTOKY TETI-
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JIOHOCIS. Y TOJaNBIIAX po3paxyHKaX 3arajibHa BUTpa-
Ta TemoHocis npuiiManacs 150 % 6a3oBoi 3 Temre-
patypamu Ha Buxozi 3 YK (Bxoni ABXM) t; apxmax) =
t. VK(Bnx.)= 85 OC, 1 BI/IXO,Z[i 3 ABXM t. ABXM(Bux.) 73°C.
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Sk BuAHO, 31 30IMBIICHHSIM BUTPATH TEILUIOHOCIS
JPyroro (I01aTKOBOI0) MOTOKY 3MCHIIYEThCS TEMIIC-
parypa Ha Buxoji 3 ABXM i sinnmosinao 8 OTH Tem-
neparypa TEIUIOHOCIS 3HIKyeThest He 3 77 °C 1o
70 °C (6a3oBuii Bapiant), a 3 73 °C no 70°C (Burpara

JOJATKOBOTO TOTOKY TeIUIoHOcisA ckimamae 50 % Oa-
30B07).

TerutoBi moToku Q B crcTeMi yTUITI3aMii CKUIHOT
teriotu I'J], po3paxoBaHi 3a BiINOBIAHUMH TeMIepa-
TypaMmH TEIUIOHOCIS, HABEICHI HAa PUCYHKY 6.
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Pucynok 6 — 3nauenns cymapnoi kinekocmi menromu Q.. eapsauoeo menionocis, eiosedenoi 6io osox I /], men-
qnomu, mpaucgopmoganoi ¢ ABXM 6 xon00, Q.4 , i mpam mennomu 360pomuoi eapsuoi 6oou Q.. 011 0sono-

mounoi cucmemu ymunizayii ckuonoeo menaa 1/

Sk BumHo, BTpatH Tertotd Q., = 500 kBT, a
TerioTa, BukopructaHa B ABXM, Q. A~ 2500 xBr.
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Pucynox 7 — 3nauenns meniogux xoe@iyicumis 6azoeoco éapianmy ymuaizayii ckuonoi menaomu I/l {cyas @
ABXM Capxmooy Ma 3anpononosano2o sapianmy cucmemu ymunizayii ckuonoi mennomu IJ] Ceyoner i ABXM

Cabxm(es)
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3HaueHHs TeroBHX KoedinieHTiB ABXM 06a30BOro  3BOPOTHOrO TEIUIOHOCISI MPH3BOAUTH JIO HE3HAYHOTO
BapiaHTy Capxmoo) 1 ABXM (apxm(ss) ABOMOTOYHOTO — 3HMKEHHS TemnoBUX KoediuieHTiB ABXM Capxmss)
BAPiaHTY, a TAKOX CHCTEMM YTHII3alii CKUAHOI Tem-  (HOPIBHAHO 3 (apxmp) 0a30BOro BapiaHTy pobOOTH
notu I'J] 6aszoBoro Bapiauty (cyas 1 mBomotouHoro ABXM) d4epe3 Oumbln  HH3BKY  TEMIEpaTypy
Ccyamor IPOTATOM 9% _ 4% (28.07.2011) maBeneni Ha  TerutoHOCis Ha BXoAi B ABXM mopiBHAHO 3 6a30BEM
PHUCYHKY 7, a Ha pUCYHKY 8 — xonomonpoaykTuBHicTe  BapiantoMm: 85 °C mpotm 90 °C, anme edeKTHBHICTPH

Qos ©OazoBoro BapiaHTy i IBOMOTOYHOTO Qooner, CHCTEMH YTWINI3amii B I[JIOMY, HaBIIAKH, 3HAYHO
orpumana B ABXM TpaHcopmamniero CKuaHOI Tero-  3pocTae:  {cyomor > Cevas. K pesymbrar,
i ['J] B kizbkocTi Qo (pUCYHOK 3, pUCYHOK 6). 30UIBIIY€ETHCSL X0JI0A0NPOoAyKTUBHICTE ABXM nBormo-

Sk BUAHO, BapiaHT 3 JABOMa IOTOKAMH  TOYHOI CHUCTEMH yTUmi3aiil: Qg ouor >Qos (pHCyHOK 8).
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ckuonoi mennomu IJ] Qo5 ma ABXM 0eonomounoi cucmemu ymunizayii Qg nor
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A.N. Radchenko, 0.V. Ostapenko
Admiral Makarov National University of Shipbuilding, pr. Geroev Stalingrada, 9, Nikolaev, 54025, Ukraine

HEAT TRANSFORMATION IN THE PLANT FOR INTEGRATED ENERGY SUPPLY BY
LITHIUM BROMIDE ABSORPTION MACHINE

The efficiency of waste heat transformation from gas engines in the plant for integrated energy supply by
lithium bromide absorption refrigerating machine was analyzed. Such gas engines are equipped with heat ex-
changers for producing hot water from the engine recoverable heat. The waste heat from gas engine jacket and
lubricant oil cooling water, scavenge gas-air mixture and exhaust gas are used to produce hot water with the
temperature of about 90 °C as heating source for absorption chiller. The analysis was made for trigeneration
plant on the base of cogeneration reciprocating gas engine modules JMS 420 GE Jenbacher (electrical power
output of each cogeneration gas engine 1400 kW, thermal power output 1500 kW). This trigeneration plant was
designed for combined energy supply of the factory "Sandora"—"PepsiCo Ukraine" (Nikolaev, Ukraine). The
trigeneration plant, equipped with two cogeneration JMS 420 GE Jenbacher gas engine modules and a single-
stage absorption chiller, has been designed and assembled by "Sinapse"—"GE Energy" (Kiev) and "Khladotech-
nika" (Nikolaev). The absorption chiller produces chilled water for technology process cooling and conditioning
of engine room intake air. The significant heat losses were revealed caused by the cogeneration gas engine
modules and the lithium bromide absorption chiller temperature regime performance discrepancy. In its turn it
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was caused by the increased temperature of return water from the single-stage absorption chiller of about 75 °C
to the parts of the gas engine to be cooled. But in respect of the condition of engine reliable maintenance at the
appropriate thermal rate the temperature of the return cooled water entering the engine cogeneration system is
limited to the design value not exceeding 70 °C. If it excess, a surplus heath of return water is rejected to the
atmosphere by the cooling tower. Return of excess heat to a single-stage absorption chiller is impossible be-
cause of its temperature of 75...78 °C lowered rather design temperature of the supply hot water for a single-
stage absorption chiller of 90...95 °C. Fall of temperature of the supply hot water to a single-stage absorption
refrigerating machine would cause considerable dropping the efficiency of transforming a gas engine recovera-
ble heat into a cold — decrease in coefficient of performance (COP) from nominal (design) value of about 0.7 to
0.5 and lower. The results of water temperature and flow measuring showed the heat losses of 30...40 % of the
heat transformed by absorption chiller into a cold. There were proposed an improved two-stream system of re-
turn water flow to the cogeneration gas engine modules that reduces the heat losses compared with traditional
one-stream variant. In the two-stream system the water mass flow through cogeneration gas engine modules and
absorption chiller is increased up to about 150 % compared with the base variant and the return cooled water
flow from the absorption chiller is divided into two streams. With this the temperature of the supply hot water for
the absorption chiller, leaving the cogeneration gas engine modules, and the temperature of return cooled water
from the absorption chiller is lowered as compared with the base one-stream system. One of the return water
stream — of the same mass flow as in the base variant but at the lowered temperature — is cooled down to the
required temperature of 70 °C as in the base variant and directed to the gas engine nodes those need cooling.
The other (addition) return water stream of the 50 % mass flow and of increased temperature higher than 70 °C
is delivered directly to the gas engine exhaust gas recovering boiler (economizer) by-passing the gas engine
cooling nodes. It was shown that the two-stream system of return water flow to the cogeneration gas engine
modules increases cooling capacity by approximately 25 % compared with traditional one-stream variant due to
reducing the heat losses during transformation of gas engine waste heat into a cold.

Key words: trigeneration, cogeneration module, lithium bromide absorption chiller, gas engine.
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